Monensin 3 , a polyether antibiotic, was blended with a forage diet at levels of 0, 11, 22 and 33 ppm and fed to steers to determine its effect on cotton fiber, dietary carbohydrate and nitrogen digestibility, on numbers of rumihal microbes, and on concentration of ruminal volatile fatty acids. No differences (P>.10) in cellulose digestibility from cotton were observed in response to monensin level when cotton fiber samples were incubated in vitro in ruminal fluid from these steers. Neither were differences in loss of dry matter detectable (P>.10) when cotton fabric strips were placed within the rumens of steers for 72 hours. In v/vo digestion of dry matter, crude protein, hemicellulose and cellulose of the forage diet was not different (P>.05) among treatments. Total ruminal volatile fatty acid concentration was not affected by feeding monensin, but the molar proportion of acetic acid decreased (P<.01) from 66.7 to 61.3% and that of propionic acid increased (P<.01) from 20.1 to 26.1%. No other volatile fatty acids were affected. Neither the numbers of protozoa, total bacteria nor cellulolytic bacteria in rumihal fluid were affected by feeding up to 33 ppm dietary monensin.
INTRODUCTION
Monensin, a polyether antibiotic produced by a strain of Streptomyces cinnamonensis Monensin (trade name, Rumensin) is a product of Eli Lilly and Company. The Company is identified for the benefit of the reader and does not imply any endorsement or preferential treatment of the product by the O. S. Department of Agriculture. (Havey and Hoehn, 1967) , has moderate growth inhibition of gram-positive organisms. This compound increases the molar percentage of ruminal propionic acid when added to the diet of ruminants (Richardson et al., 1974; Potter et al., 1974a) . Altering ruminal fermentation so that more propionic acid and less acetic acid are produced by the microorganisms may increase feed efficiency because microbial production of propionic acid is energetically more efficient (Hungate, 1966) . Blaxter (1962) has shown, at least for lipogenesis, that as the proportion of energy derived from acetic acid decreases, the efficiency of utilization of the metabolizable energy from food increases. Feed efficiency was increased by feeding monensin to feedlot cattle under controlled experimental conditions (Raun et al., 1974a,b) and in field trials (Brown et al., 1974) . Weight gain of grazing cattle also was increased by feeding monensin . The effects of monensin on digestion and on numbers of ruminal microbes have not been reported.
The present experiments were conducted to determine the effects of feeding monensin on cellulose and nitrogen digestibility, on ruminal pH, ammonia and volatile fatty acids, on types and total number of ruminal microorganisms and on methane production.
EXPERIMENTAL PROCEDURE
Experiment i. Weight loss and alkali-centrifuge value measurements (Marsh et al., 1953) were made on samples of cotton fiber that were incubated for 24 and 48 hr in strained ruminal fluid from fistulated steers fed a forage diet containing 0, 11, 22 or 33 ppm monensin. The diet was 90% chopped orchardgrass, hay, S-C, IRN 1-03-438, 7% sugarcane, molasses, mn 48% invert sugar, mn 79.5 degrees brix, IRN 4-04-696 (N.A.S., 1971) Experiment 2. Ruminal fluid from one steer fed the control diet described in experiment 1 was added to six continuous-culture fermentation chambers which were maintained as described by Satter and Slyter (1974) . Feed was added to the chambers at 37-rain intervals. All gas was collected and analyzed for methane at 3-day intervals for 30 days. The first 15 days was a stabilization period; monensin was added to four of the chambers at rates of 3.3, 10, 30 and 90 ppm in relation the feed for the latter 15 days.
Experiment 3. Two sets of four animals each were used in 4 • 4 latin squares for experiments 3 and 4. For this experiment four ruminally cannulated Holstein steers (avg weight, 246 kg) were individually fed at 2% of body weight daily in two equal feedings with 0, 11, 22 or 33 ppm monensin added to the diet described in experiment 1. Each feeding period was 28 days. After 21 days for adaptation to a new concentration of monensin, ruminal fluid samples were taken before the morning feeding, the steers were given 20 min to consume the meal, and then ruminal samples were taken hourly for 8 hours. Ruminal fluid was analyzed for pH, for volatile fatty acids by gas-liquid chromatography and for ammonia with an ammonia electrode (Orion, model 95-10). Sampies taken before feeding and 4 hr after feeding were also analyzed for types and total numbers of protozoa and bacteria (Slyter et al., 1964) .
On day 25, eight cotton fabric strips, each weighing approximately 1.5 g, were placed into the rumen of each steer and two strips were retrieved after 12, 24, 48 and 72 hours. The strips were washed, dried and weighed to determine cellulose degradation. These strips were unbleached, unsized 228-g cotton duck, were sewn with zigzag polyester stitching to prevent ravelling and were individually marked and weighed.
Experiment 4. For the second latin square four intact Holstein steers (avg weight, 259 kg)
were individually fed ad libitum the diet described in experiment 1 with 0, 11, 22 and 33 ppm monensin for 18 days, then they were placed in metabolism stalls for a 3-day preliminary and a 7-day total excreta collection interval. Feces, urine, feed and refusal were sampled daily and the seven samples of each were subsequently composited and analyzed. Statistical Analysis. The results of experiment 1 were statistically analyzed as "a 4 • 3 factorial with four treatments and three ruminal fluid sampling times using least squares analysis of variance (Steel and Tome, 1960) .
The 24-and 48-hr in vitro results were analyzed aEach value is the average of four incubations in ruminal fluid sampled before feeding and 4 and 8 hr after feeding.
bHours of incubation in ruminal fluid. CAlkali --centrifuge value is the percentage increase in weight of fiber after swelling in sodium hydroxide solution. as separate data sets. The data of experiment 3 were anzlyzed by least squares analysis of variance for a 4 • 4 latin square with split-plot in time, having nine sampling times for ruminal fluid, two sampling times for microorganisms, and four sampling times for cotton strips within each period, The data of experiment 4 were analyzed as a simple 4 • 4 latin square by using least squares analysis of variance.
RESULTS AND DISCUSSION
Experiment 1. No differences (P>.10) were observed among treatments in the weight loss of cotton fiber incubated in vitro nor in the alkali-centrifuge value after incubation for 24 or 48 hr (table 1) . Fiber incubated in ruminal fluid collected 4 hr after feeding generally had less weight loss and lower alkali-centrifuge values than fiber incubated in ruminal fluid collected before feeding or 8 hr after feeding. This trend was consistant for all treatments, including the 0 ppm control.
Experiment 2. During 12 days prior to
adding monensin to the fermentation chambers, average methane production per chamber ranged from 16.0 to 19.3 mM per day. During the first 6 days after including monensin with the feed for four chambers, methane production per day was 11.8, 14.2, 16.2, 11.9, 8.5 and -1.3 mM for chambers having O, 0, 3.3, 10, 30 and 90 ppm monensin, respectively. On days 10 through 15 after including monensin with the feed, methane production was 15.3, 17.9, 14.5, 14.1, 10.5 and 10.3 mM, respectively. Thus, the higher concentrations of monensin apparently depressed methane production but ruminal microbes appeared to have made a partial adjustment to the antibiotic after exposure for 9 days. Methane production usually decreases as propionic acid production increases because hydrogen atoms which normally are used to produce methane are utilized for propionic or longer carbon chain volatile fatty acid synthesis (Slyter and Wolin, 1967) . The methane production data agree with the volatile fatty acid data presented below.
Experiment 3. Monensin in the diet had no effect (P>.10) on ruminal fluid pH for pre-feeding through 8 hr post-feeding measurements. Thus, only the average pH data for each treatment are given (table 2) be lower for cattle fed monensin than for control animals but these treatment differences were not significant (P>.10) because of variability among animals within treatments. Since the animals consumed the meal rapidly, usually within 15 min, and since the diet contained little readily available carbohydrate but did contain 1% urea, the ruminal fluid ammonia concentration probably reached higher levels than would be obsewed if the steers had been fed ad libitum.
The concentration of total volatile fatty acids (acetic through valeric) from pre-feeding through 8 hr post-feeding was similar among treatments at each sampling, and thus only the treatment averages are given (table 2) . However, acetic acid as a percentage of the total volatile fatty acids on a molar basis decreased and propionic acid increased with each increment of monensin in the diet. Consequently, the acetate to propionate ratio decreased with each increment of monensin (table 2). The means of the 0 and 33 ppm monensin treatments for each of these three parameters are different at .01 level of probability. The difference in molar percentages of acetate and propionate among treatments was consistent with each sampling time (figures 2 and 3). The percentages of butyric, isobutyric, valeric and isovaleric acids were not influenced (P>.10) by monensin. The changes in molar percentages of acetate and propionate during the feeding of monensin observed in this research confirm the data of Richardson et al. (1974) and Potter et al. (1974a) .
There was no difference (P>.10) among dietary treatments on weight loss of cotton fabric strips incubated up to 72 hr in the tureens of these steers. The average weight loss was 1.9, 5.6, 24.9 and 42.9% at 12, 24, 48 and 72 hr, respectively. These data agree with the in ~itro digestibility data of table 1 in that monensin at these dietary levels has little or no effect on cellulose digestion. Dietary monensin had no effect (P>.10) on the numbers of ruminal microorganisms (table  3) . Protozoa were differentiated according to morphology as a percentage of the total population and these data were also statistically analyzed. There were no discernible shifts in population of specific protozoa attributable to feeding monensin. Total number of bacteria as determined by direct microscopic count and the number of cellulolytic bacteria also were not affected by monensin.
Experiment 4. Average daily feed intake for a 9-day interval prior to putting the steers into metabolism stalls for each period of the latin square was not different (P>.10) among treatments. Dry feed intake as a percentage of body weight was 3.72, 3.86, 3.81, and 3.61 for treatments of 0, 11, 22 and 33 ppm dietary monensin, respectively. In longer term studies with predominandy concentrate diets, feed intake decreased with increasing levels of monensin (Raun et al., 1974a,b) . In a pasture study growth rate of cattle fed monensin was higher than that of control animals. Forage intake was not measured in that study but intake most likely was limited by ruminoreticular capacity and thus is aData are means of samples taken before feeding and 4 hr after feeding.
expected to have been constant among treatments, as was the case for the research reported here. There were no differences (P>.10) in apparent digestibility of dry matter, crude protein nor carbohydrate fractions associated with feeding monensin (table 4). The nitrogen balance of these steers was not different (P>.05) among treatments; however, nitrogen retention tended to be higher for steers fed monensin. The greater percentage of nitrogen retention with feeding of the antibiotic is in agreement with growth data reported by Potter et al. (1974a) for steers on pasture. The nitrogen retention data also is compatible with the ruminal ammonia data of experiment 3 (figure 1). Cattle fed no monensin tended to have higher ruminal ammonia concentrations, which probably resulted in greater transfer of ammonia into the blood and a subsequent greater loss of nitrogen in the urine than for cattle fed monensin. However, the ruminal fluid data are from cattle on a restricted feeding regimen, whereas the nitrogen balance data are from cattle fed ad libitum; thus, one can not assume that the results between the two experiments are complementary.
Since acetate is a predominate metabolite of microbial digestion of cellulose and since monensin causes a decrease in the molar proportion of acetate produced, it was anticipated that feeding monensin might depress cellulose digestion; however, no trend for decreased cellulose digestion is discernible from the in vitro weight loss or alkali-centrifuge value data with cotton fiber nor from the in vivo digestibility of cellulose. There did appear to be a trend for increased cellulose digestibility at low levels of monensin for the cotton fiber strips incubated in vivo and a trend for increased numbers of cellulolytic bacteria at these same antibiotic levels. Blaxter (1962) indicates that increases in the proportion of propionic acid available to a ruminant increases the efficienty of adipose tissue synthesis, including increases in the effi- 
